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The spin Hall effect of light (SHEL) is the photonic analogue of the spin Hall effect occurring
for charge carriers in solid-state systems. This intriguing phenomenon manifests itself when a light
beam refracts at an air-glass interface (conventional SHEL), or when it is projected onto an oblique
plane, the latter effect being known as geometric SHEL. It amounts to a polarization-dependent
displacement perpendicular to the plane of incidence. Here, we experimentally demonstrate the
geometric SHEL for a light beam transmitted across an oblique polarizer. We find that the spatial
intensity distribution of the transmitted beam depends on the incident state of polarization and its
centroid undergoes a positional displacement exceeding one wavelength. This novel phenomenon
is virtually independent from the material properties of the polarizer and, thus, reveals universal
features of spin-orbit coupling.
Already in 1943, Goos and Ha¨nchen observed that the
position of a light beam totally reflected from a glass-air
interface differs from metallic reflection [1]. This is the
most well-known example of a longitudinal beam shift
occurring at the interface between two optical media. In
honour of their seminal work, any such deviation from
geometrical optics occurring in the plane of incidence,
is referred to as a Goos-Ha¨nchen shift. Conversely, a
similar shift occurring in a direction perpendicular to the
plane of incidence is known as Imbert-Fedorov shift [2, 3].
These phenomena generally depend both on properties of
the incident light beam and the physical properties of the
interface [4]. Goos-Ha¨nchen and Imbert-Fedorov shifts
have been observed at dielectric [5], semi-conductor [6]
and metal [7] interfaces.
The Imbert-Fedorov shift [2, 3, 8] is an example of
the spin-Hall effect of light (SHEL), the photonic ana-
logue of spin Hall effects occurring for charge carriers in
solid-state systems [9–11]. SHEL is a consequence of the
spin-orbit interaction (SOI) of light, namely the coupling
between the spin and the trajectory of the optical field
[9, 10, 12–22]. All electromagnetic SOI phenomena in
vacuum and in locally isotropic media can be interpreted
in terms of the geometric Berry phase and angular mo-
mentum dynamics [23]. For a freely propagating paraxial
beam of light, SOI effects vanish unless a relevant break-
ing of symmetry occurs. A typical example of such a
symmetry break is the interaction of the beam with an
oblique surface as in ordinary light refraction processes
(Figure 1).
Although the resulting phenomena essentially depend
on the type of the interaction with the surface [24], there
are some common characteristics that reveal universality
in SOI of light due to the geometry and the dynamical
angular momentum aspects of the problem. Amongst
the various observable effects resulting from the beam-
surface interaction, the so-called geometric Hall effect of
light is virtually independent from the properties of the
quadrant
detector
QWP
polarizer
Figure 1. Pictorial representation of the geometric SHEL.
After the quarter wave-plate (QWP) the beam is circularly
polarized and passes through a polarizer tilted by an angle
θ. The center of the intensity distribution of the transmitted
beam appears shifted with respect to the axis of the incident
beam. Such a shift can be measured by a quadrant detector
put behind the polarizer. The reference frame {x′,y′,z′} is
aligned with the polarizer surface.
surface [19, 25–27] and, therefore, represents the ideal
candidate for studying above-mentioned universal fea-
tures. It amounts to a shift of the centroid of the in-
tensity distribution represented by Poynting-vector flow
of the beam across the oblique surface of a tilted de-
tector. Direct observation of this effect as originally pro-
posed depends critically on the detector’s response to the
light field. However, the question whether the response
function of a real detector is indeed proportional to the
Poynting vector density is subject to a long-standing de-
bate [28–30].
In this work, we implement an alternative scheme [25],
in which the occurrence of the beam shift is independent
of the detector response. To this end, we send a circularly
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Figure 2. The geometric SHEL at a polarizing interface. (a)
The horizontal dark grey plane represents the polarizing in-
terface with the Cartesian reference frame {x′,y′ ≡ y, z′}
attached to it. The axis xˆ′ is taken parallel to the absorbing
axis of the polarizing interface. θ ∈ [0, pi/2) denotes the angle
of incidence. The central wave vector k0 of the incident beam
defines the direction of the axis zˆ of the frame {x,y, z} at-
tached to the beam. It is instructive to study a wave vector
k in the z-y-plane, rotated by an angle δ ≪ 1 with respect to
k0. (b) The unit vector aˆ ⊥ k, representing the direction of
the absorbed component of the incident field, lies in the com-
mon plane of k and xˆ′ (coloured light brown in the figure)
and can be obtained, in the first-order approximation, from
the rotation by the angle δ tan θ around k, of the unit vector
xˆ.
polarized beam of light across a tilted polarizing inter-
face to demonstrate a novel kind of geometric Hall effect,
in which the centroid of the resulting linearly polarized
transmitted beam undergoes a spin-induced transverse
shift up to several wavelengths. This is a spatial shift,
which is independent of the distance the beam propa-
gated after interaction with the polarizer. Our approach
is different from the early proposal [19] in that it is ob-
servable with standard optical detectors. Furthermore, it
is different from the SHEL occurring in a beam passing
through an air-glass interface [10] since this geometric
SHEL is practically independent of Snell’s law and the
Fresnel formulas for the interface.
As for conventional SHEL, the physical origin of this
geometric version resides in the SOI of light. In fact, we
can describe this effect in terms of the geometric phase
generated by the spin-orbit interaction as follows: Think
of the monochromatic beam as a superposition of many
interfering plane waves with the same wavelength and dif-
ferent directions of propagation. When the beam passes
through the polarizing interface, the plane wave com-
ponents with different orientations of their wave vectors
acquire different geometric phases determined by distinct
local projections yielding to effective “rotations” of the
polarization vector around the wave vector. The interfer-
ence of these modified plane waves produces a redistribu-
tion of the intensity spatial profile of the beam resulting
in a spin-dependent transverse shift of the intensity cen-
troid.
This effect can be better understood with the help of
Figure 2 that illustrates the geometry of the problem.
The incident monochromatic beam is made of many plane
wave components with wave vectors k spreading around
the central one k0 = kzˆ, which represents the main di-
rection of propagation of the beam, where |k0| = k = |k|.
For a well-collimated beam, the angle δ between an ar-
bitrary wave vector k and the central one k0 is, by def-
inition, small: δ ≪ 1. In the first-order approximation
with respect to δ, we consider k = k(zˆ cos δ − yˆ sin δ) ∼=
k(zˆ + κy yˆ), where κy ≡ ky/k = − sin δ ∼= −δ. This
wave vector is not the most general one, but, due to
the transverse nature of the phenomenon, it is sufficient
to restrict the discussion to wave vectors lying in the
yz plane. The either left- (σ = +1) or right-handed
(σ = −1) circular polarization of the incident beam is
determined by the unit vector uˆσ = (xˆ+ iσyˆ)/
√
2 glob-
ally defined with respect to the axis zˆ of the beam frame
{xˆ, yˆ, zˆ}. However, from Maxwell’s equations it follows
that the divergence of the electric field of a light wave in
vacuum must vanish. This requires that the polarization
vector eˆσ(k) attached to each plane wave of wave vector
k must necessarily be transverse, namely k · eˆσ(k) = 0.
This requirement is clearly not satisfied by uˆσ for which
one has k·uˆσ/k ∼= iσκy/
√
2 6= 0. Anyhow, the correct ex-
pression for the polarization vector can be easily found by
subtracting from uˆσ its longitudinal component: uˆσ →
eˆσ(k) ∝ uˆσ − k (k · uˆσ) /k2 ∼= uˆσ − (iσ κy/
√
2)zˆ. Now
that we have properly modeled the polarization of the
incident field, let us see how it changes when the beam
crosses the polarizing interface.
A linear polarizer is an optical device that absorbs ra-
diation polarized parallel to a given direction, say xˆ′,
and transmits radiation polarized perpendicular to that
direction. The electric field of each plane wave com-
ponent of the beam sent through the polarizing inter-
face, changes according to the projection rule eˆσ(k) →
eˆσ(k)− aˆ(aˆ · eˆσ(k)) = tˆ(ˆt · eˆσ(k)), where a = xˆ′−k(k ·
xˆ′)/k2 is the effective absorbing axis with aˆ = a/|a| ∼=
xˆ− yˆ κy tan θ, and tˆ = aˆ× k/k is the effective transmit-
ting axis. The amplitude of the transmitted plane wave
is tˆ·eˆσ(k) ∝ (1−iσκy tan θ)/
√
2 ∼= exp(−iσκy tan θ)/
√
2,
where an irrelevant κy-independent overall phase factor
has been omitted. Therefore, as a result of the trans-
mission, the amplitude of each plane wave component is
reduced by a factor 1/
√
2 and multiplied by the geometric
phase term exp(−iσκy tan θ). Here, the “tan θ” behav-
ior of the phase, characteristic of the geometric SHEL
[19], is in striking contrast to the typical “cot θ” angu-
lar dependence of the conventional SHEL as, e. g., the
Imbert-Fedorov shift [31]. However, the spin-orbit in-
3teraction term σκy, expressing the coupling between the
spin σ and the transverse momentum κy of the beam,
is characteristic of both phenomena, thus revealing their
common physical origin.
According to the Fourier transform shift theorem [32],
a linear phase shift in the wave vector domain introduces
a translation in the space domain. Using this theorem, we
can show that the geometric phase term exp(−iσκy tan θ)
leads to a beam shift along the yˆ-direction. This can
be explicitly demonstrated by writing the incident cir-
cularly polarized paraxial beam as Ψin(y) = uˆσψ
in
σ (y),
where only the dependence on the relevant transverse
coordinate y has been displayed. With ψ˜inσ (κy) we de-
note the Fourier transform of ψinσ (y). The two func-
tions are connected by the simple relation ψinσ (y) =∫
ψ˜inσ (κy) exp(ikκyy)dκy. After transmission across the
polarizing interface, the Fourier transform ψ˜inσ (κy) of
ψinσ (y) changes to ψ˜
in
σ (κy) exp(−iσκy tan θ)/
√
2 and the
output field can be written as
ψoutσ (y) =
1√
2
∫
ψ˜inσ (κy) exp[ikκy(y − σ tan θ/k)]dκy
=
1√
2
ψinσ (y − σ tan θ/k). (1)
This last expression clearly shows that the scalar ampli-
tude of the output field is equal, apart from the 1/
√
2
factor, to the amplitude of the input field transversally
shifted by σ tan θ/k. Finally, the position of the centroid
of the transmitted beam is given by
〈y〉 =
∫
y |ψoutσ (y)|2dy∫ |ψoutσ (y)|2dy =
σ
k
tan θ, (2)
where k = 2piλ .
Eq. (2) as derived above is valid for an ideal polarizer
with a high extinction ratio. In this case, the description
of the polarizer as a projection onto the effective trans-
mission axis tˆ is adequate. At normal incidence (θ = 0)
such polarizers are readily available. However, working
with tilted polarizing interfaces, we have to account for
the fact that the efficiency of the polarizer diminishes
with larger angles θ. As a result of such loss of efficiency,
the “tan θ”-dependence of the shift is modified as illus-
trated in Fig. 5. This is explained in detail in the Supple-
mental Material, where we introduce a phenomenological
model for our real-world polarizer [33–38].
In the experiment, we use a Corning Polarcor polarizer,
made of two layers of elongated and oriented silver nano-
particles embedded in a 25mm × 25mm × 0.5mm glass
substrate. Directed absorption from these particles effec-
tively polarizes the transmitted beam. In order to avoid
parasitic effects from the glass surfaces (nG = 1.517),
we have submerged the polarizer in a tank with index
matching liquid (Cargille laser liquid 5610, nL = 1.521).
Without this liquid, the effective tilting angle inside
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Figure 3. Experimental Setup: Simultaneous measurement of
the incident state of polarization and the position of a light
beam transmitted across a tilted polarizer. State prepara-
tion: The relative phase between horizontally and vertically
polarized components is modulated using a polarizing beam
splitter (PBS), a piezo mirror (M), quarter and half wave
plates (QWP, HWP). The beam is spatially filtered using a
single-mode fibre (SMF). Stokes measurement: The transmit-
ted port of a beam splitter (BS) is used to monitor the state of
polarization. We use the Stokes parameters S3 to distinguish
left- and right-hand circular polarization. Shift measurement:
The beam is propagated across our sample, a tank contain-
ing a glass polarizer and an index-matching liquid, and its
position is observed using a quadrant detector. An optional
PBS (A) can be employed as an analyzer in front of the de-
tector. The photo currents I+, I−, It, and Ib are amplified
and digitally sampled for 1 s at 50 kHz.
the glass polarizer would be limited by Snell’s law to
arcsin(1/nG) ≈ 41◦.
In our setup (Figure 3), a fundamental Gaussian light
beam (λ = 795nm) is prepared with the state of polar-
ization alternating between left- and right-hand circular.
To avoid spatial jitter, the spatial mode is cleaned using
a single mode fibre and no active elements are used after
the fibre. We collimate the light beam using an aspheric
lens (New Focus 5724-H-B) aligned such that the beam
waist is at the position of the detector.
In order to simultaneously measure the beam position〈
y
〉
and the incident state of polarization, we employ
a dielectric mirror (Layertec 103210) as a non-polarizing
beam splitter at an angle of incidence of 3◦. The reflected
and transmitted states of polarization coincide within ex-
perimental accuracy. The beam centroid
〈
y
〉
= f It−IbIt−Ib
and Stokes parameter S3 =
I+−I−
I++I−
are calculated from
the digitized photo currents. We can measure the calibra-
tion factor f in-situ by translating the quadrant detector
using a micrometre stage.
Since the signal is periodic with the modulation fre-
quency fmod = 29Hz, we can filter technical noise in a
post-processing stage. To this end, the discrete Fourier
transform is computed and only spectral components
with frequencies equal to fmod and higher harmonics
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Figure 4. Polarization-dependent beam shifts occurring at a
tilted polarizer. Measurement data and theoretical predic-
tions are shown. Both series of shift measurements were re-
peated five times. We report the mean value and standard
deviation of the mean. The dashed blue line shows the the-
ory for a perfect polarizer, while the shaded area indicates
the result of our phenomenological polarizer model for a rea-
sonable range of parameters. Details are given in the SM.
(a) Overall displacement ∆T of the intensity barycentre af-
ter transmission across the polarizer. (b) Displacement ∆y of
the vertically polarized intensity component solely. The two
measurements ∆T and ∆y differ due to the imperfect nature
of our polarizer as discussed in the SM.
thereof are passed.
We identify S3 = 0.99 ± 0.01 and S3 = −0.99 ± 0.01
with the circular states of polarization σ = +1 and
σ = −1 respectively. For both states, we calculate the
mean of all corresponding beam positions
〈
y
〉
(σ) and the
helicity-dependent displacement ∆R =
〈
y
〉
(σ = +1) −〈
y
〉
(σ = −1).
An extensive characterization of statistical and system-
atic errors revealed that the observed position of the light
beam depends slightly on the state of polarization even
if no sample is present in the beam path. The magnitude
of this spurious beam shift is typically much smaller than
the phenomenon, we intend to study. In the Supplemen-
tal material, we discuss that this amounts to a small offset
geometric SHEL
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Figure 5. Theory for the conventional spin Hall effect of light
compared to the geometric SHEL. A light beam transmit-
ted across an interface between two media can undergo a
transverse displacement known as the Imbert-Fedorov effect
or conventional SHEL. Here, we plot this displacement for a
left-hand circularly polarized beam (σ = +1) for two different
cases and compare this with the geometric SHEL studied in
this work. (a) and (b) Geometric SHEL 1
2
∆T and
1
2
∆y for
the same configuration as in Figure 4. (c) Geometric SHEL as
predicted for an ideal polarizing interface. (d) Conventional
SHEL occurring at an air-glass interface (n1 = 1, n2 = 1.5).
(e) Conventional SHEL expected for the entrance face of our
submerged polarizer (n1 = nL = 1.521, n2 = nG = 1.517).
(60 nm) on the raw data points ∆R(θ), independent from
the action of the sample. Thus, the shift measurements
∆(θ) = ∆R(θ)−∆R(0◦) reported here are corrected with
respect to the raw data.
We investigate beam shifts in two different config-
urations. First, we measure the displacement ∆T =
2
〈
y
〉
|ET |2
of the total transmitted energy density distri-
bution |ET |2 when switching the incident state of polar-
ization from σ = +1 to σ = −1 (Figure 4(a)). Then,
we employ an additional polarization analyzer in front of
the detector and observe the shift ∆y = 2
〈
y
〉
|Ey|2
of the
energy density |Ey|2 = |ET · yˆ|2 of the vertically polar-
ized field component solely (Figure 4(b)). These variants
of the experiment coincide for polarizers with perfect ex-
tinction ratios but can differ significantly for real-world
polarizers with minor deficiencies.
The beam shift observed in the latter case in-
creases proportionally to the tangent of the tilting
angle, exceeding one wavelength. This characteristic
“tan θ”-behaviour (and “real-world-polarizer” modifica-
tion thereof) is unique to the geometric spin Hall effect
of light. In both cases, the measurement agrees well
with theoretical predictions using our phenomenological
model.
To the best of our knowledge, this is the first direct
measurement of this intriguing phenomenon. The geo-
metric spin Hall effect of light should not be confused
5with the conventional SHEL or Imbert-Fedorov shift.
The latter occurs at a physical interface and, while such
interfaces are present in our experimental setup, they can
only give rise to beam shifts significantly smaller than the
observed effect. In Figure 5, we compare our results to
the Imbert-Fedorov shift, which could occur at the polar-
izer substrate, for a set of realistic parameters [16, 31].
This illustrates that the beam shifts measured in this
work constitute a novel spin Hall effect of light, virtually
independent from surface effects.
In conclusion, we have demonstrated the geometric
spin Hall effect of light experimentally by propagating a
circularly polarized laser beam across a suitable polariz-
ing interface. The centre of mass of the transmitted light
field was found to be displaced with respect to position
of the incident beam as predicted by the theory. While
a Gaussian light beam itself is invariant with respect to
rotation around its axis of propagation, the geometry in-
duced by the tilted polarizer, breaks this symmetry. The
resulting displacement can be interpreted as a spin-to-
orbit coupling characteristic for spin Hall effects of light.
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6SUPPLEMENTAL MATERIAL
Phenomenological polarizer model and
characterization of our real-world polarizer
In this section, we describe a geometric polarizer
model, analogously to the work by Fainman and Shamir
[33], and determine empirical parameters relevant for the
actual polarizer used in our experiment. Here, the inter-
action of an arbitrarily oriented polarizer with a plane
wave is discussed while we deal with real light beams in
the subsequent section on beam shifts.
A polarizer is an optical device that alters the state of
polarization and intensity of a plane wave without effect-
ing its direction of propagation κˆ = k/k. The polarizer
used within this work can be described by a real-valued
unit vector Pˆa describing its absorbing axis. Projecting
Pˆa onto the transverse plane of the electric field yields
an effective absorbing axis
aˆ(κˆ) =
Pˆa − (Pˆa · κˆ) κˆ√
1− (Pˆa · κˆ)2
. (S1)
Thus, the electric field transmitted across an idealized
polarizer is
E˜T = E˜I − aˆ
(
aˆ · E˜I
)
= tˆ
(
tˆ · E˜I
)
, (S2)
where E˜I = E˜I(k) is the amplitude of the plane wave
exp(i κˆ · r), and
tˆ(κˆ) = aˆ(κˆ)× κˆ = Pˆa × κˆ|Pˆa × κˆ|
(S3)
is the effective transmitting axis.
However, real-world polarizers have finite extinction
ratios and an experimental characterization shows that
the effectiveness of our polarizer decreases when tilted
(Figure S1). Thus, we have found it convenient to phe-
nomenologically describe the transmitted light field as
E˜T = τt tˆ
(
tˆ · E˜I
)
+ τa aˆ
(
aˆ · E˜I
)
. (S4)
Here, we employ two empirical parameters, τa(θ) and
τt(θ), depending on the angle θ between the propaga-
tion direction κˆ and the unit vector perpendicular to the
surface of the polarizer. We have found the following
set of parameters to be in very good agreement with the
observed transmission:
τt(θ) = 1− 0.31 exp(−5.6 cos θ) (S5a)
τa(θ) = 0.93 exp(−6.4 cos θ) (S5b)
This simple model is sufficient for our purpose, albeit it
does not describe the complex behaviour of the polarizer
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Figure S1. Transmittance of light beams across the
polarizer as a function of the tilting angle θ and the
incident state of polarization. The polarizer is aligned
such that at normal incidence (θ = 0◦), vertical (V) polariza-
tion is transmitted and horizontal (H) polarization is blocked.
We observe how the transmittance changes when the polarizer
is rotated around the vertical axes and compare the experi-
mental data (circles) to our phenomenological model (S4) for
different parameters τt and τa. The shaded regions indicate
the range of parameters considered within this work. One
limit (S6) is depicted with solid lines and shows the best fit
with the observed beam shifts. The other limit is the best fit
to the measured transmittances.
perfectly. A more detailed study of tilted polarizers can
be found in Ref. [34].
In the following section, we will use this model to cal-
culate beam shifts. We have shown in the main text
(Fig. 4), that this prediction matches qualitatively to
our observation. Since the magnitude of these beam
shifts depend critically on the parameters τt and τa, a
slightly different choice significantly increases the quan-
titative agreement:
τt(θ) = 1− 1.2 exp(−12 cos θ) (S6a)
τa(θ) = 0.51 exp(−1.3 cos θ) (S6b)
These parameters can be found by a combined fit of both,
the observed transmission and the beam shifts. In figures
4, 5, and S1, the latter choice (S6) is depicted using thick
solid lines. Shaded regions indicate a range of realistic
parameters including both (S5) and (S6) as limits.
Calculation of beam shifts occurring at an oblique
polarizer according to our phenomenological model
In this section, we adapt the theory for the geometric
spin Hall effect of light originally calculated for a different
type of polarizer [25] to our phenomenological model. To
this end, we express the polarizer’s absorbing axis
Pˆa = xˆ
′ = cos θ xˆ+ sin θ zˆ (S7)
7in the global reference frame {xˆ, yˆ, zˆ}, aligned with the
direction zˆ of beam propagation.
The incident beam EI(r) is circularly polarized and
well-collimated, i.e. it has a low divergence θ0, with a
Gaussian transverse intensity profile. This is expanded
in a plane wave basis with amplitudes E˜I(κˆ) such that
the κˆ-dependent projection (S4) can be applied.
As a consequence of our polarizer model, the electric
fieldET (r) after transmission across such a polarizer, is a
superposition of two orthogonally polarized field compo-
nents, Ex(r) and Ey(r). Thus, the electric field energy
density distribution (at the detection plane z = 0)
|ET (x, y)|2 = |ET · xˆ|2︸ ︷︷ ︸
=|Ex|2
+ |ET · yˆ|2︸ ︷︷ ︸
=|Ey|2
+ |ET · zˆ|2︸ ︷︷ ︸
≈0
(S8)
can be decomposed analogously.
Geometric SHEL manifests itself as a transverse dis-
placement
〈
y
〉
of the transmitted light beam’s barycen-
tre. The total electric energy density |ET |2 and both
of its non-vanishing components undergo such a shift.
Since this spatial displacement is independent from the
z coordinate, we restrict the discussion to the detection
plane at z = 0. It is convenient to write the total energy
density’s barycentre〈
y
〉
|ET |2
= wx
〈
y
〉
|Ex|2
+ wy
〈
y
〉
|Ey|2
(S9)
as a weighted sum of the relative shifts occurring for the
horizontally and vertically polarized components respec-
tively. Here,
〈
y
〉
u
=
∫∫
y u(x, y) dxd y∫∫
u(x, y) dxd y
(S10)
denotes the centre of mass along the yˆ direction calcu-
lated with respect to a scalar distribution u(x, y). The
integration spans the whole detection plane.
The weights
wx(θ) =
∫∫
E2x(x, y) d xd y∫∫ |E|2(x, y) dxd y
=
τ2a (θ)
τ2a (θ) + τ
2
t (θ)
+O(θ20) and (S11)
wy(θ) =
τ2t (θ)
τ2a (θ) + τ
2
t (θ)
+O(θ20) (S12)
introduced in (S9) depend on the empirical parameters τt
and τa (S6). Finally, we can calculate the relative shifts
〈
y
〉
|Ei|2
λ
=
∫∫
x,y
y |Ei|2 dxd y∫∫
x,y
|Ei|2 dxd y
= σ
tan θ
2 pi
fi(θ) +O(θ20), (S13)
where the factors
fx(θ) = 1− τt(θ)
τa(θ)
< 0 and (S14a)
fy(θ) = 1− τa(θ)
τt(θ)
> 0 (S14b)
depend critically on the performance of the polarizer.
Note that, since the transmission coefficients are real
and positive and 1 ≥ τt > τa (Figure S1), these relative
shifts have opposite signs. Consequently, the displace-
ment of the total energy density〈
y
〉
|ET |2
λ
= σ
tan θ
2 pi
(wx fx + wy fy)︸ ︷︷ ︸
<1
(S15)
is smaller than the relative shift
〈
y
〉
|Ey′ |
2 of the verti-
cally polarized component solely. For our realistic polar-
izer model, both shifts are smaller than expected for the
ideal case. This matches very well with our experimental
observation.
For a perfect polarizer with τa = 0 and τt = 1, equation
(S15) reduces to eq. (2) since wx fx =
τ2a
τ2t
(
1− τtτa
)
→ 0
for τa → 0. This is exactly the same expression that was
originally found for the polarizer model by Fainman and
Shamir [25].
Calculation of the geometric spin Hall effect of light
at a polarizing interface
In this part, we derive detailed eq. (2) for a parax-
ial fundamental Gaussian beam incident at an angle θ
upon the surface of an absorbing polarizer whose absorb-
ing axis is directed along x′. The Cartesian coordinate
systems attached to the polarizing interface and to the
beam are still defined as in Fig. 2A in the main text.
However, now the axis x′ is taken parallel to the absorb-
ing axis of the polarizer, in order to reproduce the actual
experimental conditions.
Consider the fundamental solution of the scalar parax-
ial wave equation [32] that we indicate with ψ(r):
ψ(r) =
(
k
piL
)1/2
i
1 + iz/L
exp
(
− 1
w20
x2 + y2
1 + iz/L
)
,
(S16)
where the Rayleigh range L of the beam can be expressed
in terms of the beam waist w0 as L = kw
2
0/2, with θ0 =
2/(kw0) ≪ 1 denoting the angular spread of the beam.
In the first-order approximation with respect to θ0, the
electric vector field of the incident beam can be written
as [35]:
Ψ
in(r) = uˆσ ψ(r) + zˆ
i
k
uˆσ ·∇ψ(r)
=
[
uˆσ − izˆ θ0 (x+ iσy)√
2w0 (1 + iz/L)
]
ψ(r), (S17)
8where uˆσ = (xˆ + iσyˆ)/
√
2 and an overall (irrelevant)
multiplicative term has been omitted. In Ref. [36] it was
demonstrated that the field transmitted by an arbitrar-
ily oriented polarizer can be written as a perturbative
expansion of the form
Ψ
out(r) = G˜00Ψ
in(r)
− i
k
[
G˜10
∂Ψin
∂x
(r) + G˜01
∂Ψin
∂y
(r)
]
+O(θ20), (S18)
where the 3× 3 matrices G˜nm are defined as
G˜nm =
kn+m
n!m!
∂n+m(nˆnˆ)
∂knx∂k
m
y
∣∣∣∣
kx=0, ky=0
. (S19)
For our absorbing polarizer, the dyadic form
nˆnˆ =

 n2x nx ny nx nzny nx n2y ny nz
nz nx nz ny n
2
z

 (S20)
is defined in terms of the effective-transmission unit vec-
tor nˆ = aˆ× κˆ = nxxˆ+ nyyˆ + nzzˆ, where
aˆ =
xˆ′ − κˆ(κˆ · xˆ′)√
1− |κˆ · xˆ′|2 , (S21)
and κˆ = k/k. A straightforward calculation furnishes
G˜00 =

 0 0 00 1 0
0 0 0

 , (S22a)
G˜01 =

 0 tan θ 0tan θ 0 −1
0 −1 0

 , (S22b)
G˜10 =

 0 0 00 0 0
0 0 0

 . (S22c)
Substitution of equations (S22) and (S17) into equa-
tion (S18) yields to the following first-order expression
for the transmitted field:
Ψ
out(r) =
ψ(r)√
2
[
− xˆ θ0 y
w0
σ tan θ
1 + iz/L
+ yˆ iσ
(
1 + θ0
y
w0
σ tan θ
1 + iz/L
)
+ zˆ θ0
y
w0
σ
1 + iz/L
]
+O(θ20). (S23)
The electric field energy density, the physical quantity
actually measured by a standard optical detector, is pro-
portional to |Ψout(r)|2 which can be calculated from Eq.
(S21) as:
|Ψout(r)|2 = |ψ(r)|2
(
1
2
+ θ0
y
w0
σ tan θ
1 + iz/L
)
+O(θ20).
(S24)
Finally, the sought shift is calculated as the first moment
of the electric field energy density distribution, namely
〈y〉 =
∫∫
y |Ψout(r)|2dxdy∫∫
|Ψout(r)|2dxdy
=
σ
k
tan θ, (S25)
where the integration is evaluated over all the xy plane
at z = 0. Equation (S25) reproduces the result given by
eq. (2) in the main text.
Discussion of spurious beam shifts
In our experiment, we prepare left and right circularly
polarized Gaussian light beams and intend to study how
a sample effects the position of the transmitted beam in
both cases. The spatial modes prepared in each case are
almost, yet not exactly identical. Despite being filtered
using two metres of single-mode fibre, there can be a tiny
offset between the centre of mass of the left versus the
right circularly polarized beam prepared in this manner.
While this effect is too small to be imaged on a CCD
camera, it can be revealed in a precision measurement as
employed in this work.
Theoretically, we can account for such spurious beam
shifts by substituting the ideal Gaussian profile E˜I(κˆ)
with a generic paraxial beam such as a power series or
superposition of Hermite-Gaussian laser modes. This
changes the result (S13) to〈
y
〉
|Ei|2
λ
= σ
tan θ
2 pi
fi(θ) + Yi(σ) +O(θ20), (S26)
where Yi(σ) is an offset independent of the tilting angle θ,
which can also be understood intuitively: The deviation
between two almost identical beam profiles amounts to
either a spatial or an angular beam shift. First, since the
sample is spatially homogeneous, a spatial displacement
of the whole beam, does not change the interaction at
all. And second, while the interaction with the sample
generally depends on the angle of incidence, a slightly
different direction of propagation, here on the order of
10−6 rad, is practically negligible.
In our experiment, we measure the helicity-dependent
beam shift
∆R =
〈
y
〉
(σ = +1)− 〈y〉 (σ = −1)
= 2
tan θ
2 pi
fi(θ)︸ ︷︷ ︸
∆(Θ)
+ Yi(σ = +1)− Yi(σ = −1)︸ ︷︷ ︸
∆R(θ=0◦)
,
9(S27)
which contains a spurious offset ∆R(θ = 0◦) ≈ 60 nm.
The data shown in Fig. 4 is corrected for this offset.
Such offset can be roughly quantified in a simple man-
ner. In our experimental conditions, the used single-
mode fiber does not support exactly a single mode only,
namely the fundamental TEM00 mode, but also first-
order modes such as TEM10 and TEM01. Ideally, a con-
ventional single-mode optical fiber possesses a simple cir-
cular cylindrical geometry in absence of either intentional
or accidental deformations of the fiber structure. Any
deviations from the ideal configuration causes prolifera-
tion of, and coupling between, normal modes of the fiber.
Typically, a small coupling may occur because of several
reasons, including intrinsic or induced cross-sectional el-
lipticity, bending, twist, etc., of the fiber cross section
[37]. Now, it is well known that the coupling between
fundamental and first-order modes causes a shift of the
centroid of the intensity distribution of the guided light
inside the fiber [38]. This can be seen by writing the
electric field distribution E(x, y) (with a fixed uniform
polarization) of the guided light, as a superposition of
the TEM00 and the TEM01 mode
E(x, y) ≈ TEM00(x, y) + ηTEM01(x, y), (S28)
where 0 < η ≤ 1 is the dimensionless coupling param-
eter. The spatial intensity distribution of such a field
configuration is displaced along the y-axis by ∆y, where
∆y =
∫∫
y |E(x, y)|2 dxdy∫∫
|E(x, y)|2 dxdy
= w0
η
1 + η2
≃ w0 η, (S29)
where the last, approximate equality holds in the case
η ≪ 1 and 2w0 is the diameter of the fundamen-
tal TEM00(x, y) mode of the fiber. In our experimen-
tal conditions, we had w0 = 2.5µm and we measured
∆y ≃ 60 nm. By inserting these values into Eq. (S29)
we obtain η ≃ ∆y/w0 ≃ 0.024. This number tells us
that it is enough to have an amplitude ratio of about
2% between the first-order TEM01 and the fundamental
TEM00 mode, to observe a transverse shift of 60 nm.
For the present rough estimation, the use of a sin-
gle scalar coupling coefficient η is appropriate. How-
ever, if one would adhere more to the physical reality of
the phenomenon, one would rather use a tensor coupling
coefficient ηij in order to account for the polarization-
dependence of the coupling.
